History and Origin of Debris Torrents in the Smith Creek Drainage, Whatcom County, Washington by Syverson, Tim L.
Western Washington University 
Western CEDAR 
WWU Graduate School Collection WWU Graduate and Undergraduate Scholarship 
Fall 1984 
History and Origin of Debris Torrents in the Smith Creek Drainage, 
Whatcom County, Washington 
Tim L. Syverson 
Western Washington University, tsyverson@geoengineers.com 
Follow this and additional works at: https://cedar.wwu.edu/wwuet 
 Part of the Geology Commons 
Recommended Citation 
Syverson, Tim L., "History and Origin of Debris Torrents in the Smith Creek Drainage, Whatcom County, 
Washington" (1984). WWU Graduate School Collection. 737. 
https://cedar.wwu.edu/wwuet/737 
This Masters Thesis is brought to you for free and open access by the WWU Graduate and Undergraduate 
Scholarship at Western CEDAR. It has been accepted for inclusion in WWU Graduate School Collection by an 
authorized administrator of Western CEDAR. For more information, please contact westerncedar@wwu.edu. 
w . WESTERN WASHINGTON UNIVERSITY
Bellingham, Washington 98225 • [206] 676-3000
MASTER'S THESIS
In presenting this thesis in partial fulfillment of the
requirements for a master's degree at Western Washington
University, I agree that the Library’shall make its copies
freely available for inspection. I further agree that
extensive copying of this thesis is allowable only for ■
scholarly purposes. It is understood, however, that any
copying or publication of this thesis for commercial
purposes, or for financial gain, shall not- be allowed '
u




History and Origin of Debris Torrents












History and Origin of Debris Torrents




Accepted in Partial Completion
of the Requirement for the Degree
Master of Science




Four debris torrent events have occurred in the Smith Creek drainage
since the turn of the century. In 1917, 1949, 1971, and 1983, debris
torrents transported large quantities of logs out of the basin onto the
delta. Inventories of air photographs of the drainage before and after
the three most recent events, combined with field observations after the
1983 event, show that debris torrents in the Smith Creek drainage are
closely related to mass movements. Mass movements provide the momentum
necessary to mobilize debris in stream channels during periods of heavy
run-off, resulting in the formation of debris torrents. Debris avalanches
originating at pre-1947 logging roads are correlated with the initiation
of debris torrents during each of the 1949, 1971, and 1983 events.
Extensive logging in the Smith Creek drainage since the late 1800's
has had an effect on slope stability in the basin. Logging roads and
clearcutting can be correlated with most mass movements in the area, and
slash left on valley slopes and in stream channels has been a source of
debris for the formation of torrents. Logging activities have removed
mature vegetation and disrupted slopes of low stability, making the area
vulnerable to high intensity storms that are common in the region.
Debris torrents are a severe hazard to residents of the Smith Creek
Delta, and have caused extensive damage to private property.
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INTRODUCTION
The Smith Creek drainage basin in the eastern half of the Lake
Whatcom watershed in western Whatcom County, Washington (Figure 1),
encompasses approximately 5 square miles (13 square kilometers) in the
western foothills of the Cascade Mountains. Total relief in the drainage
is approximately 2,600 feet (790 meters) from the maximum height of the
divide to the mouth at Lake Whatcom. The topography of the basin consists
of high ridges and narrow stream channels with valley slopes generally
greater than 10 degrees (Easterbrook, 1976). Slopes in the upper portion
of the basin are steep, ranging from 30 degrees to greater than 60
degrees.
Timber harvesting is the major type of human activity in the basin.
Most sections of the drainage have been logged, and a network of old and
recent roads exist throughout the area. The only permanent development in
the basin is on the delta, where a number of private homes are located
adjacent to the creek and along the eastern shore of Lake Whatcom.
Since the turn of the century, four prominent debris torrents have
occurred on Smith Creek. In 1917, 1949, 1971 and 1983, debris torrents
have transported large volumes of debris out of the drainage onto the
delta. With the exception of the 1949 event, each torrent has resulted in
extensive damage to private property; and in 1917 one resident was drowned
after being swept into Lake Whatcom by what the Bellingham Herald (1917)
referred to as a "...flood that had been held for hours behind a log jam
in the creek". Many details of the 1917 event are not available; but from
the Herald account, the event can be interpreted to be a debris torrent.
According to accounts by current residents of the delta, the












Figure Location map of the study area.
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than that of the previous one with the 1983 event being the largest to 
date. On the morning of January 10, 1983, debris torrents deposited a 
large quantity of log debris on the delta and in Lake Whatcom, destroying 
three homes in the process.
The origin of the 1983 debris torrents on Smith Creek has been 
discussed by Easterbrook (1983), but the history of debris torrents in the 
basin since the turn of the century has never been detailed. Weden and 
Associates, a private engineering firm, has prepared two reports for 
Whatcom County dealing with the "flood" problem on Smith Creek. One was a 
specific engineering report for modification of the bridge over Smith 
Creek in order to divert future floods safely into the lake and minimize 
damage to property. The other report included Smith Creek as part of an 
area-wide report on flood and debris hazards on a number of creeks in 
Whatcom County.
The work of Easterbrook (1983) and the area-wide Weden and Associates 
report support concerns of local residents that timber harvesting has 
decreased slope stability in the drainage basin, and that this has 
increased the debris torrent hazard on Smith Creek.
The purpose of this study is to examine the history of debris 
torrents on Smith Creek and to suggest their possible origins. 
Information presented here is based on field observations from the Spring 
and Summer of 1983, examination of air photographs of the area, literature 
research, and accounts of the debris torrents given by residents of the 
area.
The first section of this study is a review of the available 
literature on debris torrents. The remaining sections detail the history 
of slope instability and debris torrents in the Smith Creek basin.
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PREVIOUS WORK ON DEBRIS TORRENTS
Accounts of the Smith Creek debris torrents by the Bellingham Herald 
(1917, 1949, 1971, 1983) described the process responsible for the damage 
to private property as a "flood" because of the large quantity of water 
involved. The large volumes of logs and sediment associated with the 
events could prompt usage of the term "debris-flow" to describe the 
process. Based on investigations for this study, a more accurate term 
for the process is debris torrent. The different terms imply important 
differences in mechanisms and character of the process, and its effect on 
the drainage. Debris torrents are often initiated by mass movements on 
valley slopes and in steep drainage channels.
Mass Movements
Mass movements involving soil are dependent on geologic, hydrologic, 
topographic, and vegetative variables. Varnes (1978) reviewed the 
classification of landslides and other mass movement processes (Figure 2). 
For each case, different variables will be important, but as Varnes (1978) 
explained, the forces involved can be analyzed using the relationship 
between shear stress and shear strength.
Shear stress is the force per unit area acting on a plane parallel to 
the slope which tends to move the material downslope under the influence 
of gravity. Shear strength is the amount of shear stress the material can 
withstand without failure in shear. When shear stress is greater than or 
equal to shear strength, failure of the slope will occur (Terzaghi, 1950). 
The use of soil mechanics theory in the analysis of mass movements is 
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Figure 2. Landslide classification from Varnes (1978).
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In areas where thin soil is developed on steep bedrock slopes that 
receive high amounts of precipitation debris avalanches are the most 
common type of mass movement. Debris avalanches are rapid mass movements 
from hillslopes (Varnes, 1978), where the depth of the failure is small 
relative to the width and length of the failure. Scars from debris 
avalanches are spoon-shaped depressions that mark where soil cover has 
been stripped away from bedrock (Figure 3). Swanston and Swanson (1976) 
provide a summary of mass movement processes common in areas of high 
precipitation and steep topography.
Figure 3. A debris avalanche in the study area.
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Debris avalanches are common in the western United States and
Canada, where they have been recognized as a significant mass erosion 
process since the early 1960's (Bishop and Stevens, 1964; Dyrness, 1967; 
Swanston, 1969, 1970; Frederickson, 1970; and others). Because debris 
avalanches are shallow-soil mass movements, factors controlling soil 
moisture (precipitation amounts and intensities, run-off rates), and 
anchoring mechanisms (vegetation) are extremely important in their 
initiation (Swanston and Swanson, 1976)JTimber harvesting can have an 
important influence on the stability of natural slopes by altering 
evapotranspiration and infiltration rates, and by removing the anchoring 
capability of mature root systems (Bishop and Stevens, 1964, Swanston, 
1970). Disruption of slopes by stream undercutting and alteration of 
slope gradients by road construction are also important factors in the 
initiation of debris avalanches (Burroughs and Chalfant, 1976).
Mass movements are important in transporting sediment and organic 
material from valley slopes into stream channels. The rapid movement of 
large quantities of material into stream channels is important in the 
initiation of debris torrents. The close relationship of mass movements, 
especially debris avalanches, to debris torrents is important in the study 
of debris torrents on Smith Creek.
Debris Torrents
Debris torrents have been recognized in Europe since the early 1900's 
(Eisbacher, 1982), where they are a natural hazard in mountainous 
regions. Since the mid-sixties, debris torrents have been recognized as a 
major erosional-geomorphic agent in the western United States and Canada 
(Bishop and Stevens, 1964; Dyrness, 1967; Swanston, 1969, 1970; Eisbacher,
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1980, 1982; and others). The terms "channel scour event", "sluice-out", 
and "debris flood" have also been used to describe this process.
Eisbacher (1982) defined the term "torrent" as: "a high gradient 
ephemeral or perennial water course characterized by sporadic discharge of 
masses of solid debris." The debris associated with the torrent is 
whatever type of material is abundant within the basin. This includes 
sediment of all grain sizes from mud to boulders and organic material, 
predominantly logs. Debris that has collected in the stream channel is 
mobilized by an abnormally high discharge of water, and the mass of 
debris-laden water moves down the channel under the force of gravity 
(Eisbacher, 1980). In this study, the terms "debris torrent" and 
"torrent" will be used to refer to short duration, high intensity, high- 
volume surges of debris-laden water that occur in stream channels.
From a review of the literature, debris torrents can be divided into 
three types on the basis of the type of debris involved: 1) water plus 
sediment, 2) water plus organic material (logs), and 3) water plus a 
combination of sediment and organic material. Residents of the Smith 
Creek delta described surges of debris during the 1983 torrents that 
lasted only minutes. An increasing discharge of water was followed by 
surges of debris and water during the peak of the torrent, with the 
discharge of debris and water declining as the event diminished.
From the description above, debris torrents are a unique process. 
They are distinguished from debris flows by their higher water content and 
manner of flow, from debris slides and avalanches by their higher water 
content and occurrence (debris torrents can be initiated by mass movements 
on valley sides but develop into debris torrents after the slide has 
entered the main drainage channel), and from floods by the high debris
8
content. Table 1 below shows the relationship between the processes 
mentioned above.
TABLE 1: A Comparison of: Torrent, Avalanche, Flow, Flood
Increasing Type of
Gradient Water Content Movement
DEBRIS AVALANCHE high - sliding to flow
DEBRIS FLOW high - viscous flow
DEBRIS TORRENT high - surges of debris
plus water
FLOOD not a factor - high discharge of
^ water
The short duration of debris-torrent events has made them difficult 
to study. Most studies are done after the debris torrent has waned and 
the waterway has returned to near normal discharges.
Debris deposits left by a torrent can be used to identify the source 
of debris for the torrent. Material in the deposits can be identified by 
lithology if of inorganic origin, or by age and species if organic (i.e. 
logs, branches, uprooted trees). The majority of the debris is deposited 
on the fan or delta at the mouth of the drainage. Due to the great 
turbulence within the torrent, clasts (especially organic material) are 
broken and abraded. Deposits can also be found upstream where curves and 
other irregularities in the channel have allowed material to become 
trapped along channel sides. Location of these deposits marks the maximum 
height of the debris torrent's influence as well as maximum water depth.
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Necessary Conditions For Debris Torrents
Many areas of high relief characterized by steep valley sides and 
narrow canyons have the potential to develop debris torrents. As with 
many short-lived dynamic processes in nature, exact prediction of debris 
torrents is problematic. Initiation of a debris torrent is dependent on a 
number of conditions and is the result of a chain of events. If only one 
or more of the necessary conditions is met the chain of events may begin, 
but may not fully develop into a debris torrent.
In addition to steep topography, there must be a source of log or 
sediment debris that can be transported downslope into the stream channel. 
The debris can be boulders, cobbles, or other unconsolidated sediment, or 
organic material such as uprooted trees or vegetation, or logging slash. 
Transport can include many types of mass movements such as debris falls, 
debris slides, debris avalanches (Figure 2) or by slope wash and under­
cutting of the valley sides. In the case of logging slash, the material 
is the result of past timber harvesting that left the slopes or stream 
channels littered with logs and branches.
In order for a debris torrent to form, debris must collect and be 
concentrated within the channel. Debris torrents can result from 
different conditions that all involve the mobilization of debris by a high 
discharge of water within a stream channel, resulting in a gravity driven 
mass of debris-laden water that moves irregularly down the channel at 
rapid speeds (Swanston, 1971).
Narrow canyons and gorges can constrict the downstream movement of 
debris, and cause natural damming of stream channels. Large mass 
movements into channels can block stream flow. Bridges and culverts where 
roads cross stream channels can become clogged with debris and obstruct
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stream flow. When one or more channels in a basin become blocked by 
these types of temporary obstructions, there is potential for a debris 
torrent to form. One way a torrent can form is for water to become ponded 
behind temporary debris dams. If these dams fail or are washed out during 
periods of peak run-off, the mass of debris-laden water will move down the 
channel as a debris torrent (Swanston, 1971).
An increase in discharge to flood conditions can be caused by above­
normal precipitation of either high frequency-low magnitude, such as an 
average of one to three or more inches a day for a number of days (Bishop 
and Stevens, 1964), or by low frequency, high magnitude "cloudbursts" 
of more than about two inches witin an hour (Eisbacher, 1982). In areas 
with a snowpack that lasts into the spring, warm rain-on-snow events can 
also cause dramatic increases in discharge as the snowpack is quickly 
melted by warm rains. Eisbacher (1982) calls these types of situations 
"meteorological triggers for slope instability".
Avalanches of large amounts of debris into stream channels upstream 
from a debris dam may also cause failure of the dam, due to the addition 
of solid material to the moving water. The resulting increase in force 
exerted against the dam by the debris and water may cause failure of the 
dam (Swanston, 1969).
Debris dams can play an important role in the initiation of debris 
torrents but they are not always linked to the beginning of a torrent. 
When a channel containing abundant log or sediment debris experiences 
above normal run off, any loose debris could be transported by the moving 
water. As the ratio of water to debris changes, the manner of movement 
of the mass may also change. The debris torrent may begin as a debris flow 
and then develop into a torrent as the water content increases and the 
movement of the mass becomes irregular (Swanston and Swanson, 1976).
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The origin of a debris torrent can often be traced upstream to where 
a debris avalanche enters the channel. The rapid addition of material to 
moving water in the channel can provide the necessary momentum to begin 
the development of a torrent. As the debris torrent moves down the 
channel it will continue to incorporate debris into the torrent ^Swanston 
and Swanson, 1976).
Each drainage basin has different characteristics, so comparisions 
between basins are difficult. After examining case studies from around 
the world, Eisbacher U982) identified four geomorphic-geologic zones in a 
torrent system ^Figure 4);
"1) a catchment basin which collects run-off from upland areas; 2) a 
debris source ^or sources) where masses of debris are mobilized along 
slumps, debris chutes, ravines or gullies; 3) a gorge where debris from 
the source area concentrates into coherent flows and thus gains 
potentially destructive momentum; 4) a cone or fan on which debris flows 
spread."
The "zones" outlined by Eisbacher provide an illustration of the 
important factors in the development of debris torrents. In each case, 
the physical setting of the basin is different but four factors are 
important for assessment of the debris torrent hazard:
1) Mass movement frequency.
2) Debris in the stream channel.
3) Probabi1ity of high amounts of precipitation causing rapid
run-off.
4) The existence of debris jams or other channel obstructions.
In areas where any of these four factors are influenced by human
activity the debris torrent hazard is increased. Swanston and Swanson 
(1976) review the effects of land management practices on steep-land areas 
of the Pacific Northwest.
12
CATCHMENT AflEA
Figure k. Zones in a torrent system. (A) dormant (B) active
(after Eisbacher, 1982)
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LOGGING IN AND AROUND THE SMITH CREEK BASIN
/
The forests of the Pacific Northwest have been an important resource 
for the timber industry since the first sawmill opened in Washington in 
the mid-eighteen-hundreds. As the enormous size and economic value of the 
timber resource was recognized, logging operations expanded from south­
western Washington and Oregon northward into Puget Sound. In 1853 the 
first sawmill was opened at the falls of Whatcom Creek on Bellingham Bay 
iClark, 1949) and logging in northwestern Washington expanded rapidly. 
The foothills around Lake Whatcom were an abundant source of timber, and 
the lake was an efficient way to transport harvested logs. By the 1890's 
the "timber boom" in the area was in full swing. In 1893 the Lake Whatcom 
Logging Company was established, and a mill was built at the northwest end 
of the lake. Logging also began at the south end of the lake and expanded 
northward (Clark, 1949).
The industry was expanding so quickly that by 1895 stands adjacent to 
the lake were becoming exhausted and logging camps were being moved back 
into the hills above the lake (Roth, 1926). The Bellingham Herald of May 
10, 1900 described the "last important stand of primitive timber" 
(referred to as the "Gruber Timber") as being located "high on a mountain 
north of tne lake" (Moore, 1973). At the time of World War I the area 
around the lake had not only been logged, but a significant second growth 
was already visible (Clark, 1949).
Logging has continued in the foothills around Lake Whatcom, including 
the study area, until 1979. As harvesting practices became more 
sophisticated, logging roads replaced logging trails to accommodate larger 
machinery. The study area was extensively logged in the 1940's and a 
large network of these old roads still exists in the basin.
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The most recent logging in the Smith Creek basin, in 1979, was in the 
upper basin adjacent to the North Fork (Figure 20). No new roads were 
built. The logging in 1979 was done above and below the pre-1947 road 
across the headwaters.
In direct contrast to the historical information on logging presented 
above, R. Nash testified (Nash, 1973) that logging in the Smith Creek 
basin prior to 1917 "wasn't nothing at all in the Smith Creek area". 
According to Nash, the first logging in the Smith Creek basin began in 
1917.
The logging history of the drainage basin will be detailed in the 
next sections when the effect of logging on slope stability and the 
occurrence of debris torrents will be investigated.
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STUDY AREA
I From the upper headwaters on Stewart Mountain to the creek-mouth at 
Lake Whatcom, Smith Creek flows a distance of just over three and a half 
miles (5.6 km) (Figure 5). High ridges and narrow stream channels 
dominate topography in the basin. Stream erosion has cut deep canyons 
into the bedrock, and many sections of the main channel of Smith Creek and 
its tributaries flow directly on bedrock. Valley slopes are 30-45 degrees 
locally along the main channel and tributary streams.
The main channel has five perennial tributaries and many smaller 
ephemeral courses (Figure &). The total length of the main channel and 
tributary channels is just under 10 miles (approx. 15.7km). The gradient 
of the main channel ranges from 3500 feet/mile (739 m/km) in the upper 
basin to 271 feet/mile (57 m/km) in the lower portion of the basin (Figure 
7). The average gradients of the tributaries range from 769 feet/mile 
(162 m/km) on Quiet Creek to 1933 feet/mile (408 m/km) on Powerline Creek. 
The tributary streams, like the main channel, generally decrease in 
gradient downstream. Figure 8a and 8b show profiles along the tributary 
streams.
Vegetation cover in the study area is typical of the Pacific 
Northwest. Hillslopes are forested and the underbrush is dense. Douglas- 
fir and cedar predominate in the older stands, while alder is most common 
in younger stands. Greater than 90% of the basin is in at least second 
growth due to logging that began in the basin around the turn of the 
century.
Vegetation is developed on a thin cover of soil overlying bedrock. 
From recent soil surveys the estimated depth to bedrock in most of the 
study area is just over two feet (.55m) (Golden, 1984), although from
16
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field observation it is less than a foot (.3m) in many sections of the 
basin. For soils developed on 30-45 degree slopes the water erosion 
hazard is rated as severe (Golden, 1984).
Other unconsolidated deposits in the area include isolated exposures 
of glacial drift observed in the lower portion of the basin and recent 
alluvium in stream channels.
Bedrock in the area is the Eocene Chuckanut Formation (Easterbrook, 
1976). The Chuckanut FormaWon is an alluvial sedimentary unit consisting 
of sandstone and conglomerate interbedded with siltstone and shale, with 
local deposits of coal. Individual beds range from 1-2 feet (.3-.6 m) to 
10 or more feet (3+ m) in thickness. Bedrock is exposed in approximately 
15% of the area (Golden, 1984). Late Eocene tectonic forces deformed the 
Chuckanut Formation into a series of large northwest-southeast trending 
folds that plunge to the north. A second generation of less severe 
deformation, also in the late Eocene, refolded the unit gently about axes 
that trend northeast-southwest (Johnson, 1982) (Figure 9).
Smith Creek flows generally across strike from east to west and is 
not closely controlled by structure, although structure may locally 
control tributary courses. The First South Fork is a good example of this 
as it flows sub-parallel to strike.
Lithology provides strong topographic control in the area. Resistant 
sandstone and conglomerate beds form cliffs and ridge tops. Where the 
stream courses are cut in resistant bedrock, the channels are narrow, fill 
is absent, and locally the gradient is increased, often producing 
waterfalls. The largest waterfall observed in the study area, located on 
the North Fork just downstream from the headwaters of the basin, is 80 
feet (21.6m) to the first break in slope.
Where bedrock consists of less- resistant siltstone and shale, the
22
Figure 9. Structure of the Chuckanut Formation 
in the study area.
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stream channels are wider with no local change in gradient. In these 
sections undercutting of the valley sides by the stream is an important 
erosional factor.
Precipitation
The Smith Creek drainage and the rest of Stewart Mountain are 
classified by NOAA as being located in the "East Olympic-Cascade 
• Foothills" climatic zone. These zones are divided on the basis of 
meteorological data from reporting stations and on topographic 
considerations. Descriptions are generalized for large areas, but a 
climatic profile from this classification provides a good general 
illustration for the climate of the study area. Regarding precipitation, 
the report states:
"The easterly movement of moist air from over the ocean produces 
downslope winds in the foothills along the eastern slope of the coastal 
range and upslope winds in the foothills along the western slope of the 
Cascade Mountains. Precipitation is heavier along the windward slopes 
than in the valleys or along the lee slopes. The average annual 
precipitation ranges from 40 inches (1000 mm) in lower valleys to 90 
inches (2300 mm) at stations 800 to 1,000 feet (270-340 m) above sea level 
and along the western slope of the Cascade Range. Annual snowfall is less 
than 10 inches (254 mm) in lower valleys to 50 inches (1270 mm) in 
elevations 500 to 800 feet (170-270 m)." (NOAA, 1978)
A perspective on yearly precipitation in the area around Stewart 
Mountain can be gained by checking the yearly averages for recording 
stations at Bellingham, Sedro Woolley, Glacier and Concrete (Figure 10). 
These data are thirty year averages (NOAA, 1981).
These data show that the study area receives on the average 50 plus 
inches (1270 mm) of precipitation a year. Topographic effects can produce 
localized deviations that don't show up in regional data. Figure 10 also 
gives elevations for each of the reporting stations mentioned above to
24

compare with the study area.
Monthly precipitation averages increase from October to April when 
more than 2.5-3.0 inches (63-76 mm) of precipitation falls each month. 
November, December and January are the three wettest months of the year 
based on thirty year averages (NOAA, 1984). During these three months 
roughly 40% of the yearly total occurs.
The months of high average precipitation make up an annual "winter" 
season during which precipitation values are great enough to cause near- 
saturated or saturated conditions in soils. Due to prolonged 
precipitation, soil moisture content increases, causing unstable 
conditions as the shear strength of the material decreases (Varnes, 1978). 
Failure of unstable materials can be initiated by different meteorological 
conditions as discussed in the previous section on debris torrents. One 
of these "triggers" is a storm of high-intensity and short-duration. 
O'Loughlin (1972) correlated widespread landsliding in comparable areas of 
British Columbia with 24-hour rainfalls in excess of 3.9-19.7 inches (100- 
500 mm). Table 2 shows the number of rainfalls greater than or equal to 
one inch (25.4 mm) for Bellingham, Sedro Woolley, Glacier, Concrete, and 
also for stations at Lake Whatcom and the Nooksack Hatchery (Figure 10). 
The table shows the number of rains at each station that were greater than 
or equal to one inch in 24 hours from available precipitation records for 
1929 to 1983. There are variations in the years of record for each 
station but the numbers provide a perspective on precipitation around the 
study area.
The four largest amounts recorded during the time of record are: 
6.0" (152 mm) at Glacier in December of 1979, 5.6" (137 mm) at Bellingham 
in January of 1935, 4.7" (119 mm) at Lake Whatcom in February of 1949, and 
4.5" (114 mm) at the Nooksack Hatchery in November of 1971 and also 4.5"
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(114 mm) in January of 1983.
TABLE 2:
NUMBER OF RAINFALLS 
GREATER THAN OR EQUAL TO ONE INCH 
IN 24 HOURS
# of rainfalls greater than or equal to:
1.0" 1.5" 2.0" 2.5 3.0" 3.5" 4.0" 4.5" 5.0"
Bellingham
(1931-1983)











6 2 2 0
Lake Whatcom 
(1944-1954)
124 49 11 4 2 1 1 1 0
Glacier
(1934-1983)
609 281 125 45 9 5 4 2 1
Concrete
(1940-1938)




315 96 25 5 2 0 0 0 0
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DEBRIS TORRENTS ON SMITH CREEK
Beginning with the 1917 event, each of the debris torrent events on 
Smith Creek will be examined in detail to document the nature of the 
torrents, their effect on the basin, and conditions in the basin that are 
related to their origin. Changes in slope stability related to logging and 
logging road construction, and precipitation are known to be closely 
related to the initiation of debris torrents (Bishop and Stevens, 1964). 
These factors will be documented and compared for each of the debris 
torrents on Smith Creek to determine any patterns that can aid in a better 
understanding of the development of torrents in the basin.
Information presented in the following sections is from the 
examination of air photographs, historical records and literature, 
conversations with residents of the Smith Creek delta, and field work 
after the 1983 event.
Air photographs are available in years that show the basin before and 
after the 1949, 1971, and 1983 events. From these photographs, a history 
of logging and logging road construction, slope movements, and debris 
torrents in the basin was developed. Debris torrents were identified by 
the visible evidence of channel scour on the photographs. Scoured 
sections of the stream channel show up as light-colored where vegetation 
and debris have been stripped from the channel by the torrent. The 
contrast with non-scoured portions of the channel is distinct (Figure 11).
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Figure 11. Example of scoured (A) vs unscoured ^B) channels from air 
photographs.
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torrent conditions and destruction of property. This chain of events 
seems to fit the account above. If channel conditions (i.e. amount of, 
and origin of debris in the channel, presence or absence of debris dams), 
recent mass movement conditions, and complete precipitation records were 
available a more accurate and detailed assessment of the event would be 
possible.
Precipitation records from December of 1917 are available for 




































( ) = values in millimeters
Additional information about the 1917 flood is available from the 
1973 testimony of Roe Nash. Nash is the son of Mrs. Isaac Nash, the woman 
who was drowned during the flood. Nash described the weather on the day 
of the flood as "warm and rainy". There was no snow adjacent to the lake 
but there was some snow in the foothills. When asked about what type of 
material came out of the basin with the water, Nash replied: "Brought down
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logs and trees and stumps and big boulders. Took that bridge out there at 
Smith Creek like it was a match—that railroad bridge. And you can 
figure there's about a 40-foot wall of water come there all at once.".
As mentioned earlier, Nash's testimony also includes statements about 
logging in the study area that directly contradicts the historical 
literature.
According to historical records, the Smith Creek drainage had 
been logged by 1917. The basin had little or no forest cover and logging 
debris must have been plentiful. From the available information, timber 
harvesting cannot be singled out as the sole cause of the 1917 debris 
torrent but is recognized as an important contributing factor for the 
following reasons:
1^ The absence of vegetation would have resulted in increased
run-off.
^ Slash would have been abundant in the channel as a source of 
debris for the torrent, and causing the formation of debris jams.
3) Logging trails built on steep slopes in the basin could have 
caused slope failures.
4) Deforestation would have resulted in excess soil saturation 
which decreases the shear resistance of the soil mass.
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1949 DEBRIS TORRENT
The first debris torrent to affect current residents of the Smith 
Creek delta occurred in November of 1949. In the evening of November 27, 
residents were awakened by the sounds of the creek overflowing its banks 
and flooding adjacent property. The following morning the bridge over 
Northshore Drive was jammed with debris and the property adjacent to the 
creek was littered with sediment from the high water (W. Larson, 1972). 
The only damage to private property was from high water. The debris that 
had been flushed out of the basin had jammed behind the bridge upstream 
from the creek-mouth. The jamming of the bridge protected the private 
property between the road and the lake from damage by the debris. The 
volume of debris flushed from the basin in 1949 must have been much less 
than the volumes of debris from the 1971 or 1983 torrents because in the 
recent torrents, debris has jammed the bridge causing the torrent to jump 
its channel and damage private property before entering Lake Whatcom.
Smith Creek, Pre-1949
Black and white air photographs (1:12,000) of the study area from 
1947 were examined to determine the physical characteristics of the basin 
prior to the 1949 debris torrent. The photographs were inventoried for 
evidence of pre-1949 slope movements and debris torrents, existing 
clearcuts and the locations of logging roads. The age of the photography 
provides a minimum age of these features and shows that they are recent 
enough to still be visible in 1947, but does not give their exact age.
The 1947 photographs show that approximately 11% (345 acres or 1.4
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square km) of the basin had been logged recently enough to still be 
identified as clearcut in 1947. At this time 7.5 miles (12 km) of logging 
roads existed in the area (Figure 12).
Five debris avalanche scars that terminate in stream channels are 
visible. Three of the scars appear to originate at logging roads (47-1, 
47-4, 47-5), and two on a logged slope (47-2, 47-3) (Figure 12). No 
channel scour is visible on the 1947 photographs.
The five scars mentioned above are the only visible signs of recent 
slope movements. The valley sides of many of the channels do however show 
the probable signs of older mass movement events. Concave depressions at 
the heads of some of the "v"-shaped gullies are probably remnants of 
previous slides that are overgrown. Old slide traces can also be 
identified by the presence of alders that are normally the first to 
revegetate the scars.
1955 Photography
The first available set of post-1949 photographs were examined to 
document the changes in the basin due to the 1949 debris torrent. The 
1955 photographs (1:20,000), taken six years after the debris torrent, 
show definite changes in the basin. These photographs show a cumulative 
account of all changes in the basin since 1947. Any major changes are 
assumed to be related to the 1949 debris torrent because there is no 
record of a debris torrent between 1949 and 1955.
By 1955 an additional 4% (134 acres or .5 square km) of the basin had 
been logged and 2.3 miles (3.7 km) of new logging road existed in the 
area (Figure 13).










Figure 12. Map of the study area compiled from 19^7 
aerial photographs.
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Seven originate at logging roads, and one originates upslope from a road 
(55-6, Figure 13).
In addition to the new avalanche scars, the other prominent feature 
of the 1955 photographs is the evidence of channel scour. The upper 
Mainstem and the southern branch of the Second South Fork both show 
channel scour. The scoured portion of the Second South Fork is distinct 
from the non-scoured portions and can clearly be traced upstream to its 
point of origin at slide 55-8. In the upper Mainstem, the point of origin 
is uncertain, but again, the scoured channel is distinct from the adjacent 
unscoured North Fork. A notable absence of clearcutting or roads in the 
area around the North Fork can be seen in the 1955 photographs (Figure 
13). The scour can be traced downstream into the main channel and down 
past the First South Fork into the Lower Mainstem. From the Lower 
Mainstem downstream to the delta the extent of the scour is uncertain.
Implications of the 1949 Debris Torrent
In the six years following the 1947 photographs, eight new slope 
movements had developed and 3.2 miles (5.1 km) of the creek channel was 
scoured. From the photographs, the debris avalanches all appear to be 
related to logging activities. The close relationship between slope 
movements and debris torrents is illustrated by the origin of the channel 
scour in the Second South Fork. The uncertain end of the scour in the 
Lower Mainstem raises the possibility that the scour visible in the 1955 
photographs is the result of a post 1949-pre 1955 debris torrent that is 
superimposed on the 1949 event but did not transport debris out of the 
basin. Another possibility is that the scour is from the 1949 event but 
that the lower portions of the main channel were not scoured. The debris
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and vegetation along this portion of the channel may have been too 
abundant, and the torrent had little erosional effect.
Precipitation, November 1949
Although N.O.A.A. precipitation records are available for other 
locations in Whatcom County, no exact record of how much rain fell in the 
study area on the evening of November 27, 1949 is available. Records are 
available from a station listed as "Lake Whatcom" located at the south end 
of the lake that recorded 1.79" of precipitation in a 24-hour period. 
Other locations around the study area for which records are available 
include: Bellingham, Deming, Sedro Woolley, and Concrete (Figure 10).





26th 27th 10 day 30 day
Lake Whatcom 1.05" 1.79" 4.74" 8.40"
(26.7) (45.5) (120.4) (213.4)
Bellingham .40" 1.10" 2.76" 4.54"
(10.2) (27.9) (70.1) (115.3)
Deming .15" 1.07" 2.69" 4.76"
(3.8) (27.2) (68.3) (120.9)
Concrete 1.43" 1.73" 5.95" 10.45"
(36.3) (43.9) (151.1) (265.4)
Sedro Woolley .28" .32" 2.25" 5.55"
(7.1) (8.1) (57.2) (141.0)
( ) = values in millimeters
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1971 DEBRIS TORRENT
At about 1300 on January 30, 1971, debris torrents transported debris 
out of the drainage onto the delta, damaging homes and littering the area 
with logs and sediment. The Larsons were returning to their home near the 
mouth of Smith Creek when they noticed water on the road. As they came 
within sight of the creek they witnessed what Walt Larson called "an 
explosion of logs" from the creek. The mass of logs and water moved over 
the delta and jammed at the bridge before the torrent altered its path 
from the channel, by-passing the jammed bridge and moving through private 
property, and damaging a number of homes before entering Lake Whatcom 
(Figure 14). The mass of logs and water was ten feet (3.4 m) high as it 
moved over the road and lasted only a minute or two (Walt Larson, personal 
communication, 1983). The Larsons are the only known eyewitnesses of a 
debris torrent. After the torrent passed, the Larsons found a foot of mud 
inside their house and a number of logs as large as a foot (.34 m) in 
diameter jammed against the east side of their home. One log had been 
driven through the wall of their bedroom, crushing a crib that had been 
set up for their grandchild who was coming to visit later that week.
Smith Creek, Pre-1971
The next aerial photography (1:24,000) of the area after 1955 was 
taken in 1966-1967. The only changes in the basin are along the northern­
most boundary of the drainage above the North Fork (Figure 15). A new 
system of roads was built across the headwaters of the basin. The total 
length of the new roads is approximately .85 miles (1.4 km). From the new
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Figure 14. Smith Creek delta showing the path of the 1971 debris 
torrent.
roads upslope to the drainage divide the hilislopes had been logged, 
adding another 51 acres (.2 square km) of recent clearcut to the area. No 
other recent logging or road construction is visible in the basin.
Evidence of post-1955 slope movements is minimal. Four small slides 
are visible in the lower basin (Figure 15). Two of the debris avalanche 
scars (67-2, 67-3) terminate in the main channel just below the junction 
with the First South Fork. These appear to originate from the pre-1947 
road on the north side of the main channel before it makes a switchback to 
the east (Figure 15). The other two slide scars (67-4, 67-5) are along 
the road on the east bank of the First South Fork, but do not continue all 




Figure 15. Map of the study area compiled from 196? 
aerial photographs.
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67-5 begins at the road.
One slide ^67-1) is on a logged slope adjacent to the Upper Mainstem.
No evidence of channel scour in the drainage can be seen on the 1966- 
67 photographs.
1978 Photography
1978 U:12,000) aerial photographs show changes through 1978 and are 
a cumulative record of activity in the basin since 1967. Because the 1971 
debris torrent is the only major event between 1967 and 1978, slope 
movements and channel characteristics are assumed to be the result of the 
1971 event.
Between 1967 and 1971, an additional 70 acres (.3 square km) in the 
upper basin had been logged. No new roads were built in the basin. The 
area adjacent to the North Fork was logged from the existing pre-1947 road 
across the headwaters (Figure 16).
Four new debris avalanches (Figure 16) appear to originate at pre- 
1947 logging roads and lead downslope into stream channels (78-1, 78-2, 
78-4, 78-5). One additional slide (78-3) does not appear to continue into 
the stream channel.
The 1978 photographs show that 2.75 miles (4.4 km) of channel had 
been scoured since 1967. The debris torrent track begins in two of the 
tributaries and continues down the main channel to the lake (Figure 16). 
In both of the tributaries, the debris torrent track can be traced 







Figure l6. Map of the study area compiled from 1978 
aerial photographs.
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Implications of the 1971 Debris Torrent
Compared to the 1967 photographs, the most prominent feature of the 
1978 photographs is the evidence of channel scour. The scour on the 1978 
photographs is traceable upstream to two debris avalanche scars. Both of 
the avalanche scars, originate at logging roads built before 1947.
Precipitation, January 1971
Since no records of precipitation are available for Smith Creek, 
records from the surrounding area must be used to examine the amount of 
rainfall up to and during the 1971 event. The records from the Lake 
Whatcom station end in 1954. Data from five stations (Table 5, Figure 10) 


































































( ) = values in millimeters 




The most recent debris torrent at Smith Creek, on the morning of 
January 10, 1983, was the largest of the four debris torrents since the 
turn of the century. As the torrent moved over the delta, the force of 
the debris-laden water was. great enough to destroy three homes, wash out 
the road over the creek, and pile debris 10 feet (,3.4 m) high over much of 
the delta. Accounts by residents say the creek rose rapidly and by 4 a.m. 
was over its banks carrying large logs out of the basin. Three distinct 
surges of debris, each lasting only minutes, were reported ^Larson, 1983). 
The surges of debris were too large to pass under the bridge at the creek 
mouth and the bridge was quickly jammed with debris. The torrent was 
diverted out of its channel by the jam and took a new path south of the 
bridge, washing out the road and three houses before it reached Lake 
Whatcom (Weden, 1983). Property immediately adjacent to the creek on the 
north was protected from damage by the large debris because of a dike 
built from debris after the 1971 debris torrent (Figure 17). A smaller 
flow of debris and water passed just north of the dike causing damage to 
property there. Despite the enormous quantity of debris, the damage to 
property and the fact that the torrent occurred in the middle of the 
night, no serious injuries to residents occurred. One woman was carried 
into the lake but was able to swim to shore. Three other residents were 
trapped in their home as water and debris passed on both sides of the 
house, and the house itself was severely damaged (Figure 18).
After the 1983 event, four main pieces of evidence were used to 
identify the debris torrent(s) on Smith Creek: 1) accounts of the event 
by residents of the delta include three distinct surges of debris from the
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Figure 17. Delta showing dike and path of 1983 debris torrent.
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drainage. A flood, in contrast, would have resulted in a steady rise in 
the creek to a maximum, followed by a steady fall in discharge as run-off 
decreased.
2) a scour zone is evident along bedrock walls of the stream channel. 
A scour line marks stripping of vegetation and unconsolidated material 
from the channel sides as the debris torrent moved down the channel. At 
many locations, the channel floor is scoured to bedrock.
3) the scoured sections of the channels can be traced upstream to a 
point of origin at, or just downstream from a prominent slope failure. 
This is evidence for the close causative relationship between mass
movement events and debris torrents.
4) the least definitive and most useful when combined with other 
information is the examination of debris deposits. Deposits of log debris 
were examined to identify the source of debris for the torrent. Debris 
from the 1983 event consisted dominantly of logs. Mud, sand and gravel 
was also deposited on the delta, but the amount of sediment relative to 
the amount of logs was minor. The exact amount of sediment transported 
from the basin is not known, but deposits observed in the field consisted 
dominantly of logs.
Debris Chutes
Mass movements into stream channels have already been shown to be an 
important factor in the development of debris torrents in the Smith Creek 
drainage. Debris avalanches are the most common type of mass movement in 
the study area. The scars produced by debris avalanches are generally 
much longer than they are wide (Figure 19). The scars begin on the valley 
sides and end often hundreds of feet (30+ m) downslope in stream channels.
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1
Figure 19. A debris avalanche scar.
Easterbrook (1983) refers to the bedrock scars where 
soil has been stripped away by debris avalanches as "debris chutes". The 
term will be used here to describe the scars resulting from mass movements 
of soil and organic material from the valley slopes. Where debris 
avalanches have initiated debris torrents, the debris chute will merge 
with the scoured channel at the base of the chute.
The debris chutes visible in the field and on 1983 air photographs of 
the study area were formed or reactivated during the 1983 event. Field 
investigation confirms that chutes visible on the 1978 photographs were 
reactivated during the 1983 event. Debris chutes were examined in the 
field and on two sets of 1:12,000 color air photographs (one set flown in 
the spring and the other flown during the summer) to determine their 
points of origin. A series of oblique air photographs taken by
i
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Easterbrook during helicopter reconnaissance of the area were also 
examined. Only chutes that terminated in stream channels and were large 
enough to be visible on the air photographs were inventoried.
A total of 33 debris chutes were identified in the study area (Figure 
20). A summary of information on origins, and aspects of the debris 
chutes is presented in Table 6 and Figure 21.
TABLE 6:
1983 DEBRIS CHUTES: Place of Origin
Logging Road:




83-5, 83-7, 83-8, 83-10, 83-12, 83-13, 83-22, 83-24, 
83-26, 83-27, 83-28, 83-33
83-11, 83-16, 83-17, 83-18, 83-19, 83-20, 83-21 
83-1, 83-2, 83-3, 83-23, 83-25, 83-29, 83-32, 83-31 
83-14, 83-15, 83-30 
83-4, 83-6, 83-9
0
Figure 21. Plot of aspects of 33 debris chutes from 1983.
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/ /
Figure 20. Map of the study area compiled from 1983 
aerial photographs.
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Twelve of the chutes begin at old logging roads. Where roads are 
built across steep slopes the fill necessary for the road causes local 
changes in slope gradient. The up-slope side is over-steepened by 
removal of material for the road, and fill for the road over-steepens the 
down-slope side. The road itself serves as a catchment for slope run-off 
causing ponding of water. The saturation of the road-fill causes 
instability of the road. Burroughs and Chalfant (1976) provide a review of 
slope stability related to road construction.
Seven of the debris chutes begin upslope from logging roads. These 
chutes were separated from the category above because their origin is not 
clear. The heads of these chutes are located up-slope from roads, but in 
all cases the roads are also gone. Did the road fail causing the material 
up-slope to fail also, or did the failure begin on the slope above the 
road and then take out the road as the avalanche moved downslope? There 
is no way to know for certain. In cases where the failure begins tens of 
feet (3.4+ m) above the road, the road is probably the cause of the 
failure. Where the chute begins a great distance up-slope of the road 
some other factor probably initiated the failure. If the debris avalanche 
began a distance upslope by the time the avalanche reached the road the 
momentum of the movement would probably be great enough to take out the 
road.
Eight of the chutes begin on slopes that were clearcut during the 
1940's. The vegetation on these slopes is primarily alder. The immature 
second growth alder don't provide as strong an anchoring mechanism as the 
original mature Douglas fir and cedar (Brown, ASCE and Sheu, 1975). Slide 
83-31 begins on a slope that appears to have been cut as part of a yarding 
area.
Three of the debris chutes begin on forested slopes that have not
51
been logged since the turn of the century.
Three of the chutes have origins that can not be clearly classified. 
The heads of these chutes begin in forested areas just above clearcuts. 
These could have originated either in the clearcut and spread up-slope, or 
the chute could have started in the forested area and continued into the 
clearcut.
The aspect of each chute was plotted by compass direction. Figure 21 
shows the distribution for the 33 debris chutes.
Slopes of 24 of the debris chutes were measured from air photographs. 
Eleven occurred on slopes between 30 and 40 degrees, six on slopes between 
40 and 50 degrees and six on slopes greater than 50 degrees. The debris 
chutes measured are the most prominent, and are felt to be representative 
of chutes within the basin.
Channel Scour
The 1983 air photography shows that the majority of stream channels 
in the basin were scoured by debris torrents during the January 10 event. 
The photographs show that four of the five main tributary courses as well 
as the main channel have been scoured (Figure 20). The total length of 
scoured channel visible is 3.74 miles (5.9 km).
Quiet Creek is the one tributary that shows no evidence of channel 
scour.
Powerline Creek is scoured below the junction with the lower 1947 
logging road. The junction is also where slide 83-15 enters the channel.
33 Creek is scoured for approximately half of its length downstream 
from slide 83-12.
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The Second South Fork is scoured from the heads of both its main 
branches. The scour originates at slide 83-28 on the north branch and at 
slide 83-27 on the south branch. The first north branch of the Second 
South Fork upstream from the junction with the main channel shows no 
evidence of scour. There are no slides visible anywhere along that 
unscoured branch.
The First South Fork is scoured along both its north and south forks. 
Slides are prominent along both of the forks. The origin of the scour in 
both forks appears to be from failure of logging roads that cross the 
channels near their heads. The north fork is crossed by the upper road 
(Figure 20), and the south fork is crossed by a secondary road-spur not 
shown on Figure 20 but that intersects the fork just upstream from 83-31.
The North Fork is scoured from where slide 83-1 enters the channel 
downstream to the junction with the main channel. The scour in this 
tributary is not readily visible from the air photographs but is distinct 
in the field. Upstream from slide 83-1, the channel is filled with 
logging slash, but downstream the channel is clear (Figure 22).
Along the Upper Mainstem the scour begins at slide 83-31 upstream 
from the junction with the North Fork The main channel is scoured from 
this point all the way downstream to the delta.
Scour Height
Channels scoured by debris torrents can be distinguished from non- 
scoured channels by the absence of vegetation and loose sediment along the 
channel walls. When the debris torrent moves through a channel, the mass 
of debris and water strips loose material from the channel, leaving a 
distinct zone from the channel floor extending vertically up the channel 
sides (Figure 23). This zone is refered to as the "scour height" and is
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Figure 23. Stream channel showing scour height.
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interpreted as the maximum height of influence of the torrent within a 
given section of the channel. The scour height is most prominent where 
the channel sides are bedrock. Along portions of the channel not enclosed 
by bedrock walls ’the height of influence of the torrent is marked by the 
presence of debris piled well above the "normal" maximum level of the 
creek, sediment and mud on trees adjacent to the channel, or evidence of 
impact from the debris-laden water on trees large enough to withstand the 
force of the torrent.
The scour height was found to vary in different sections of the 
channel. The variation in height was investigated to determine if the 
fluctuation was caused by surging of the torrent, or was related to the 
torrent passing through portions of the channel which had different 
morphologies. As with water moving through a channel, the velocity and 
depth of the moving mass are expected to be affected by the width, depth, 
gradient, and curvature of the channel the moving mass is passing through.
The scour height was measured along the main channel from the mouth 
to the junction with the First South Fork. Measurements were made using 
sightings on a two-meter stick (7.4 ft). The height above the main 
channel was plotted in relation to the profile of the channel downstream 
from the First South Fork (Figure 24).
No pattern attributable to surging can be seen but definite "peaks" 
in the scour height can be seen in the diagram. These peaks are 
interpreted as being due to the addition of water and debris by tributary 
channels. The locations of tributary channels are marked on Figure 24. 
These locations correspond with the maximums in the scour height.
This illustration of the contribution of water and debris by 
tributary channels also supports field observation and air photograph 
























































channnels experienced only above normal run-off.
Debris Counts
An examination was made of debris deposits to determine the debris 
source for the 1983 torrent. Logs greater than about one foot in diameter 
in debris deposits on the delta, in debris jams along the main channel 
downstream from the First South Fork, and lying loose in the main channel 
were counted to identify if the debris was natural, or the result of 
logging (Table 7).
Debris deposits consist dominantly of organic material mixed with 
sediment. The sediment is channel fill that was transported by the 
torrent and redeposited. Organic material varies from roots and branches 
less than an inch (2.54 cm) in djameter to logs and stumps a few feet (1 
m) in diameter. The larger material are Douglas-fir and cedar logs older 
than approximately 40 years while most of the smaller material is alder 
less than approximately 40 years old. A lower size limit of one foot log 
diameters was chosen to be representative of organic material that is old 
growth in the basin. The majority of trees in the basin smaller than one 
foot in diameter are second growth alder.
Categories were chosen to identify if the log debris was of natural 
origin or the result of timber harvesting. The ends of logs were examined 
to distinguish rooted ends from ends that had been cut blunt during 
logging. If the ends could not be clearly classified as cut (rooted logs 
were clearly distinguishable) because of broken or abraded ends, they were 
classified as indeterminant. The presence or absence of bark, tree sap, 
green leaves and branches was noted as evidence of whether or not the 
trees had been recently living. The categories are as follows:
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Rooted with Bark: Trees that had been recently living and were
uprooted by gravity driven slope movements, or bank erosion that could be 
related to the torrent, or by wind throw.
Rooted without Bark: Trees that were uprooted by wind-throw, slope 
movements, or bank erosion and have been lying in/or adjacent to the 
channel long enough to lose their bark and become sun-bleached (Figure 
25). This debris could be from old debris-torrents and was trapped in old 
debris jams in the stream channels.
Figure 25. Debris without bark.
Cut with Bark: Logging slash from recent timber .harvesting. Slash
that has not been sun-bleached.
Cut without Bark: Logging slash from old timber harvesting. This
debris has been dead long enough to have lost its bark and to have been 
sun-bleached. This material has probably bean trapped in old debris jams
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or deposits in/or adjacent to the channel. This old logging slash has 
probably been transported by pre-1983 debris torrents.
Indeterminant with Bark: Trees that were recently living that have 
been uprooted as described above, or recent logging slash that was broken 
and abraded by the torrent.
Indeterminant without Bark: Logs that have been dead long enough to 
loose their bark and become sun-bleached. These logs have ends that can 
not be clearly classified as rooted or cut.
The "Indeterminant without Bark" category is interpreted to be 
material derived dominantly from timber harvesting for the following 
reasons:
1) Except in logged areas, windfalls are trapped on slopes by 
surrounding vegetation and would likely deteriorate before they could 
loose their bark and become bleached by the sun. Logs that have fallen in 
the forest are sheltered from the sun by the forest canopy and are not 
sunbleached.
2) The battered ends of the logs are broken too abruptly to have been 
snapped off by the wind. Observation of stumps broken-off by the wind 
show that the trees break unevenly and splinter parallel to their length. 
The majority of the ends classified as indeterminant show a sharp break 
with rounded or slightly tapered edges.
3) The quantity of logs in this category is too large to be from 
natural processes. For so many old trees to have been broken off their 
roots and then be lying in open areas exposed to the sun long enough to 
become sunbleached seems unlikely in a natural system. The accumulation 
of a large amount of log debris may be possible over time, but the 1983 
torrent was not the first such event to transport large quanities of log
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debris out of the basin.
TABLE 7:
Debris Counts After the 1983 Event 
(Logs greater than one foot in diameter)
Delta Debris Jams Main
Channel
Total % of 
Total
Rooted:
Bark 46 (9%) 18 (15%) 9 73 10%
No Bark 80 (15%) 5 (4%) 2 87 11%
Cut:
Bark 20 (4%) 7 (6%) 0 27 3%
No Bark 65 (12%) 38 (32%) 16 119 16%
Indeterminant
Bark 56 (10%) 12 (10%) 0 68 9%
No Bark 266 (50%) 39 (33%) 81 386 51%
Totals 533 (100%) 119 (100%) 108 760 100%
Debris Jams
Loose debris along and within stream channels is necessary for the 
development of debris torrents. In the Smith Creek drainage the debris 
consists predominantly of logs with a small amount of sediment. The 
"debris jams" will be called "log jams" because this term provides a more 
accurate description of their composition.
Once a debris torrent has been initiated, the mass of debris-laden 
water moving down the channel continues to accumulate any loose debris
60
along its course iSwanston and Swanson, 1976). If the stream channel is 
congested with debris the additional material increases the volume and 
mass of the torrent. The exact nature of movement of debris torrents is 
uncertain, and there is no documentation of how torrents develop after 
their initiation and before they leave a drainage. Accounts by residents 
of the Smith Creek Delta describe three distinct surges of debris during 
the 1983 event. This information does give a picture of irregular 
movement by the torrent that is probably closely related to physical 
characteristics of the channel, and especially any features that could 
provide obstruction to movement of the torrent through the channel. 
Narrow canyons or curves in the channel may cause the torrent to slow as 
it passes them, or debris may become trapped causing temporary damming of 
the channel by debris dams. When these temporary dams fail, a surge of 
the torrent may occur until the next obstruction. As the torrent 
continues down the channel, loose debris will be added to the torrent and 
some will become trapped at curves or behind obstructions in the channel.
The exact amount of logs transported during the 1983 event will never 
be known because a great proportion of them were carried into the lake. 
Pictures of the delta and lake taken the morning after the event show the 
enormous quantity of logs that came out of the drainage iFigure 26). The 
amount of material is impressive but an examination of the basin and 
stream channels since January 1983 shows that the drainage still contains 
a vast supply of logs both on the valley slopes and in the channels 
^Figures 27, 28).
Figure 29 shows the locations of log jams in the lower portion of the 
basin. Most of the logs are in jams supported by channel deposits 
adjacent to the present course of the stream. The log jams range in size 
from approximately 5 feet (1.5 m) high to 16 feet high (4.8 m), and vary
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Figure 26. Log debris on the Smith Creek delta January, 1983.
Figure 27. Log debris in the headwaters of Smith Creek Summer, 1983.
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Figure 28. Log debris in Powerline Creek.
in width and length from 10-20 feet (3-6 m) to greater than 50 feet (15 
m). The material in the jams is approximately 50-60% logs greater than 1 
foot (.3 m) in diameter with the remainder being branches, roots, 
sediment, and smaller logs. The smaller logs are mainly alder and 
represent second growth in the logged areas. The photograph in Figure 30 
shows the largest log jam in the basin.
Precipitation, January 1983
During the first ten days of 1983, most of Whatcom County received 
more precipitation than the total for the previous month. By January 10, 
most recording stations in the area had already exceeded the average 
monthly total for January.
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Figure 29. Map of the study area showing the location of log 
jams after January of 1983.
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Figure 30. The largest logjam in the study area, located just 
upstream from the powerline.
There are no official records of how much rain fell in the Smith 
Creek drainage on the evening of January 9 and the morning of the 10th. 
To get an accurate perspective on how much rain fell in the area around 
Stewart Mountain an examination must be made of records from other 
stations in the region ^Figure 10).
Precipitation data from January, 1983 for Bellingham, Sedro Woolley, 
Concrete, Glacier, and the Nooksack Hatchery are presented in Table 8. 
































































( ) = values in millimeters
An unofficial report of 3.62 inches (91.9 mm) was made by a Ham Radio 
operator at Maple Falls near Deming where he reported "vertical heavy 
rain". This report is listed with the state climatologist but the reading 
was reported from an "unofficial" station.
At Wickersham, on the east side of Stewart Mountain, an unofficial 
report from a logger stated that greater than 6 inches (152.4 mm) of rain 
fell in about a 36-hour period including January 10th.
The exact amount of precipitation that fell at Smith Creek may never 
be documented, but from the data in Table 8 it is clear that several 
inches of precipitation fell over the entire area up to and including the 
day of the 1983 event. The soil mass must have already been saturated 
when a high-intensity rainfall triggered debris avalanches in the study 




Four of the five main tributaries and the upper North Fork of the 
Smith Creek drainage have experienced debris torrents since 1947. The 
torrents begin in the upper parts of the basin on tributary channels and 
continue into the main channel, ultimately transporting log and sediment 
debris onto the delta and into Lake Whatcom. In 1949 the torrents began 
in the Upper Mainstem and the Second South Fork, in 1971 in Upper North 
Fork and the Second South Fork, and in 1983 the Upper North Fork, the 
Second South Fork, the First South Fork, Powerline Creek, and 33 Creek all 
were scoured by debris torrents. With four tributaries contributing water 
and debris, in contrast to two for the earlier events, the apparent 
increase (relative to 1949 and 1971) in volume of logs flushed from the 
basin in 1983 can be understood.
The role that four separate torrents played in the 1983 event is 
uncertain because the timing and volume of the individual torrents is not 
known. The surges of debris, reported by delta residents, may have been 
caused by obstructions in the channel or by debris avalanches initiating 
torrents in various parts of the basin at different times. From the 
available information the origin of the surges is uncertain.
All of the channels that experienced torrents have average gradients 
greater than 1000 feet/mile (169 m/km) and in the headwaters the Second 
South Fork the gradient is 3770 feet/mile (637 m/km). The upper basin is 
the steepest part of the drainage but on 33 Creek the gradient, midway up 
the channel where the torrent began, is only approximately 1380 feet/mile 
(596 m/km).
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Debris torrents in the Smith Creek drainage can occur in channels of 
varying size and gradient. After the 1983 event the source area of debris 
torrents cannot be restricted only to the upper basin. Even the smaller 
less-steep tributaries have the potential to develop debris torrents.
Mass Movements
Table 9 is a summary of the total number, and origin, of debris 
chutes identified on each set of air photographs. The total number of 
chutes per photograph-year increases dramatically between 1978 and 1983. 
The number of debris chutes associated with the 1983 debris torrent was 
four times greater than the number associated with the 1949 event, and six 
times greater than the number of chutes identified after the 1971 debris 
torrent.
Table 9:









Road 3 7 4 3 12 29 53%
Above
Logging
Road 0 1 0 1 7 9 16%
Logging
Clearcut 2 0 0 0 8 10 18%
Forested
Slope 0 0 0 0 3 3 6%
Uncertain 0 0 0 1 3 4 7%
TOTAL
NUMBER 5 8 4 5 33 55 100%
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Geologic structure is only a local factor in slide initiation. The 
aspects of chutes measured in 1983 were widely distributed. In the few 
areas of the basin where the valley slopes are sub-parallel to bedding 
(Figure 9, as along the First South Fork) structure increases the 
likelihood of slope failure. Along the east side of the First South Fork 
logging activities disrupted already unstable slope conditions causing 
failure. Structure alone was not identified as a controlling factor on 
slide initiation.
All but one of the 11 debris chutes at the heads of the scoured 
channels on the 1955, 1978, and 1983 photographs originate at logging 
roads. The logging-road failures are not only the most common type of 
failure, they are also the most important type for the initiation of 
debris torrents in the study area.
The only scoured channel that begins at a non-logging related chute 
is the lower portion of Powerline Creek. The junction of this debris 
chute with Powerline creek is where the lower logging road on the south 
side of the main channel crosses Powerline Creek (Figure 20). A log jam 
combined with material from the roadfill currently block the channel at 
this junction. Downstream from the junction, the channel is scoured to 
the confluence with the main channel. Material that came down the debris 
chute probably jammed at the fill before spilling over into the lower 
channel initiating the torrent that scoured the channel.
Six of the 33 chutes that are visible on the 1983 photographs are 
visible on earlier photographs. This means that remobilization of 
unvegetated slopes is possible. The 33 debris chutes that were active 
during the 1983 event will continue to be a hazard until a stable soil and 
vegetation cover has developed on them. Until then, the chutes will 
continue to serve as channels for the rapid transport of water and loose
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debris from valley slopes into the main stream channels.
Debris In Stream Channels
From field observation and the debris counts ^Table 7), the majority 
of organic debris in the stream channels is from past logging operations 
combined with second growth alder. The alder were transported into the 
stream channels by slope failures along old logging roads and in old 
clearcut areas. The debris counts show that 19% of the debris had cut 
ends. When the "Indeterminant with No Bark" category (interpreted to be 
old logging slash) is added to the 19%, the total amount of debris 
associated with timber harvesting increases to 70%.
Logging debris in the basin lies in the stream channel or on adjacent 
slopes until periods of high run-off and/or mass movement mobilize it into 
the channel or further downstream. Slopes in the upper basin are covered 
with debris from recent logging in 1978 and 1979. Even with the removal 
of large amounts of debris during the 1983 event, the stream channels and 
valley slopes are still cluttered with debris.
The abundance of organic debris in the basin indicates that the 
problem of debris accumulating in stream channels forming additional 
debris jams will persist. Jams in the narrow channels can cause damming 
of the channel. Failure of these dams during periods of high run-off can 
cause future debris torrents (Swanston, 1971).
The role of debris jams as a debris torrent hazard is a point of 
controversy. Timber companies claim that debris jams are beneficial to 
streams because they reduce the velocity of the stream by obstructing 
flow, thereby reducing erosion of the channel (Bellingham Herald, 1983). 
This may be true as long as debris jams are stable and cannot be mobilized
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by high run-off. If the jams are temporary and have the potential to wash 
out during flooding of the stream, then they are a potential hazard. 
Unstable debris jams provide a concentrated source of debris for torrents.
The Effect Of Logging
The effect of logging on the stability of slopes in the basin can be 
seen by looking at the Upper North Fork before and after logging. Before 
1947, a road was built across the upper basin around the North Fork. On 
the 1947 and 1955 photographs the road is visible but there are no debris 
chutes or any evidence of channel scour in the upper basin. The 1967 
photographs show that the slopes on the north side of the Upper North Fork 
were logged. On the 1978 photographs there is a debris chute that formed 
in the clearcut due to failure of the road. This debris chute is also the 
origin of the channel scour on the North Fork. This chute is the origin 
of the 1971 debris torrent that scoured the North Fork and the main 
channel. Within four years after logging in this part of the basin, a 
road failure initiated a debris torrent that triggered an event causing 
property damage on the delta three and a half miles downstream.
The only tributary channel that has not been scoured by debris 
torrents is Quiet Creek. No debris chutes have formed adjacent to Quiet 
Creek. There is no evidence of logging in that portion of the basin on 
any of the air photographs examined.
Data in Table 9 show that 71% of the debris chutes identified on air 
photographs or in the field have origins that can be directly related to 
logging activities ^roads and clearcutting). This percentage becomes 87% 
if chutes that begin upslope from roads are added. These are kept 
separate because of the possibility that these failures are unrelated to 
the roads.
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Logging has had the following effects on slope stability in the Smith 
Creek Drainage:
1) logging roads built before 1947 disrupt the already unstable 
slopes in the basin by allowing ponding of water, saturating the roadfill, 
and resulting in failure of the slope and the formation of debris chutes.
2) clearcutting removes mature vegetation destroying the 
anchoring ability of established root systems, leaving most of the basin 
covered by a second (or younger) growth.
3) deforestation removes the forest canopy increasing run-off 
and increasing the rate of soil saturation during rainfall.
4) slash left on slopes and in stream channels accumulates in 
channels forming log jams that can obstruct stream flow and serve as a 
source of debris for torrents.
Precipitation
A problem in the assessment of the debris torrent hazard in the study 
area is trying to interpret and identify patterns in precipitation that 
cause rapid run-off and initiate slope failures that lead to development 
of debris torrents. Is there a threshold amount that when exceeded 
causes widespread slope failure and flooding? Is the threshold for a 24- 
hour period, or does precipitation for the previous week, month or longer 
play a role in reaching the threshold? If there isn't a threshold, is 
precipitation just one factor that interacts with other factors (slope 
stability, source of debris) in the formation of debris torrents? Also, 
was the amount of precipitation received in the study area in January of 
1983 due to a "normal" high intensity winter storm, or was the storm of a 
magnitude to be called a "100 year" or even a "500 year" storm.
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Table 10 is a comparison of precipitation amounts for each debris 
torrent event. For storms related to the torrent events, greater than 1- 
1.5" in Bellingham, greater than about 2+" at Glacier and Concrete, and at 
the Nooksack Hatchery and Lake Whatcom approximately 2" or greater are 
approximate lower limits for precipitation amounts related to debris 
torrent initiation. Using the rainfall data in Table 1 and the number of 
years of total record, the recurrence intervals for storms of magnitudes 
similar to those associated with the debris torrents were determined 
(Table 11). The recurrence interval for a storm of a given magnitude (x) 
is determined by dividing the sum of all recorded values greater than "x" 
by the number of years of record. This gives the recurrence interval for 




1917 1949 1971 1983
Bel 1ingham .95" 1.10" 1.89" 1.77"
(24.1) (27.9) (48.0) (44.9)
Deming — 1.07"(27.2) — —
Nooksack

















Woolley 1.36" .32" 2.34" 2.64"
(34.5) (8.1) (59.4) (67.1)
( ) = amounts in millimeters 
— = no data
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Table 11 shows that rains of a magnitude associated with the debris 
torrent events are not uncommon. Only the 4.5" rainfall at the Nooksack 
Hatchery is unusual. The period of record is too short to calculate an 
accurate recurrence interval. The storm was the largest in the 12 year 
period of record.
Bellingham has had 51 rainfalls greater than 1.5" since 1931 
including one 5.59" amount in 1935. There were no debris torrents 
reported in 1935.
The Lake Whatcom station only has a record of 10 years. In that 10 
year period there was a 4.7" rainfall in February of 1949. There were no 
debris torrents reported in the study area even though this high magnitude 
rain came in February at the end of the winter season when soils in the 
area would have been saturated after the wet season. The 1949 debris 
torrent on Smith Creek occurred in November, only two months into the 
fall-winter season. The 1.79" ^45.5 mm) rain associated with the '49 
event was not an unusual amount (Table 1) and the total precipitation for 
November '49 was only .04" above the 10-year average for November at the 
Lake Whatcom station.
The role that antecedent rainfall over a given period of time plays 
is also uncertain. The soil mass would be expected to reach a maximum 
saturation level, that when this level is exceeded the shear strength of 
the soil mass would be less than or equal to the shear stress, and the 
slope would fail. Records from each event were compared to interpret the 
role of 10 day and 30 day antecedent rainfall in the initiation of debris 
torrents in the study area.
The 1949 records (Table 5) show that 10 and 30 day antecedent 
rainfalls for the 1949 event were about one half to a third the values
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Table 11:
Recurrence Intervals Of Rainfall 
Greater than Or Equal To One Inch
time (# years) of recurrence of rainfall greater than or equal to:
1" 1.5" 2" 2.5" 3" 3.5" 4" 4.5" 5"
Bel 1ingham .3 1.0 4.8 17.6 26.5 - - - 53
*Nooksack
Hatchery .1 .2 .5 1.2 2.0 4.0 8.0 12 __
Glacier .1 .2 .4 1.1 5.6 10 12.5 25 50
*Lake Whatcom .1 .3 1.0 2.4 4.0 - - o.O 12
Concrete .1 .2 .7 2.9 4.9 14.6 22 -- --
Sedro
Woolley .2 .6 2.1 10.6 26.5
-- = no data
* = period of record is too short data not statistically valid
associated with the 1917, 1971, and 1983 events (Tables 3, 4, 5, 8). The 
largest 10 day values were associated with the 1971 debris torrent, and 
the largest 30 day values occurred in 1917. 30 day totals for 1917, 1971, 
and 1949 were greater than 10 inches at every station.
Table 12 shows the November, December, and January monthly 
precipitation averages for each recording station based on thirty year 
totals. Comparing 30 day antecedent values with January monthly averages 
shows that in 1971 all of the stations were six or more inches greater 
than their monthly averages. In 1983 the precipitation totals were five 
or more inches above the January average.
The monthly precipitation totals preceding the 1971 and 1983 events 
were definitely greater than the average. The question is then: How 
common is a greater than average monthly-rainfall during the winter
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Table 12:
Monthly Precipitation Averages (in inches) for:
November December January
Bel 1ingham 4.45" 4.84" 4.37"
U13.0) U22.9) (111.0)
Glacier 8.47" 9.90" 9.25"
1215.1) (251.5) (235.0)
Concrete 9.44" 11.36" 10.34"
i239.8) (288.5) (262.6)
Sedro Woolley 5.77" 6.59" 6.03"
1146.6) (167.4) (153.2)
I ) = values in millimeters
months? Figure 31 shows a plot of the total rainfall for January from 
1940-1983 for Bellingham. The graphs show that January 1971 and 1983 were 
two of the wettest Januaries on record for the last forty years but they 
were not the only years well above the monthly average. 1953, 1965 and 
1967 were also three plus inches above the average.
For the 1917, 1971, and 1983 events total rainfall seems to be an 
important factor. The 1949 event is less certain because of the time of 
year that it occurred. Also in 1979, slope failures initiated debris 
torrents on Sygitowicz Creek on the east side of Stewart Mountain across 
the divide from Smith Creek. There were no reports of torrents on Smith 
Creek in 1979.
The exact role played by precipitation in the initiation of slope 
failures is still uncertain. A period of rainfall averaging greater than 
an inch followed by an intense 24-hour rain of two on more inches on 







































rainfalls are probably the most important single role played by 
precipitation. These localized rainfalls of two to three plus inches of 
rain in a 24-hour period are not uncommon in the area around Smith Creek 
and Stewart Mountain. Until information is available from within basins 
like Smith Creek, the exact amounts of precipitation associated with 
debris torrent events will not be known.
Additional Work
The increasing magnitudes of the debris torrents in Smith Creek and 
the enormous amount of damage to private property have focused a lot of 
attention on the debris torrent hazard in the basin. At the time of this 
writing, a lawsuit concerning the torrent hazard is set to go to trial in 
Whatcom County Court in early 1985. Homeowners that suffered property 
damage have filed suit against timber companies that own timber rights 
within the Smith Creek drainage.
The lawsuit has prompted a number of private studies of the torrent 
problem funded by both the plaintiffs and the defendants. The legal 
concerns of the case are not of importance to this study, but the 
proceedings of the case should make a large amount of information from 
different sources available.
In addition to the studies pertaining to the lawsuit, two other 
Master's Theses are in progress dealing with the Smith Creek drainage. A 
thesis by Peter Buchanan at the University of British Columbia, Vancouver, 
B.C. is examining the initiation of landslides in Smith Creek as part of a 
study of slope failures around Whatcom and Skagit Counties during January 
of 1983. The other thesis in progress is by Barry Gall through the Lake 
Whatcom Watershed Institute at Western Washington University. His thesis
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concerns water quality and discharge levels of Smith and Olsen creeks on 
the east side of Lake Whatcom, and will include updated rainfall 
information as well as discharge levels of sediment and water from Smith 
Creek before and after the 1983 event.
Additional work suggested to further investigate the torrent hazard 
on Smith Creek are:
1) continued monitoring of rainfall around Lake Whatcom and 
within the Smith Creek basin to accurately assess the magnitude of storm 
events in the basin.
2) volume measurements of existing debris chutes, and 
identification and measurement of pre-1947 slides to better understand the 
volume of material removed from slopes by mass movements.
3) investigation of the Smith Creek Delta including volume, 
rate of formation, and studies of cores of the delta to determine the role 
of periodic flooding in the origin of the delta.
4) continued monitoring of movement and growth of debris jams 
in the basin over seasonal changes in stream discharge, to identify 
potential hazards and to better understand the mechanism that forms the 
debris jams.
A number of uncertainties exist in the study of the debris torrent 
hazard on Smith Creek:
1) Are debris jams a hazard or are they a neutral (or 
beneficial as some have claimed) part of the drainage? The conclusions 
presented here on debris jams are based on observations with no 
quantitative evidence that the failure of dams are a definite hazard.
2) How much sediment was associated with the debris 
torrents? Were the logs all that remained on the delta, while the
sediment was carried into the lake?
3) In an unlogged area, how much organic material (logs) 
is available on slopes and in stream channels as a debris source for 
torrents?
4) Do the factors presented in this study apply to other 
basins or is the hazard the result of a unique set of variables only found 
in Smith Creek?
CONCLUSIONS
The Smith Creek drainage is an area of steep slopes and narrow stream 
channels, located in a region that receives on an average of 50 plus 
inches of precipitation per year. Vegetation in the basin is developed on 
a soil-cover generally less than two feet in thickness, and plays an 
important role in maintaining stability of the soil cover on the steep 
slopes. Due to the steep slopes and the high precipitation in the area 
the stability of slopes in the area is in a delicate balance.j
Logging in the basin prior to 1947 disrupted the balance with the 
construction of roads and by clearcutting the mature timber. Both pre- 
1947 and later logging have left vast amounts of slash on the slopes 
within the drainage.
Since the turn of the century, logging slash in stream channels has 
combined with high precipitation and mass movements to initiate debris 
torrents within the Smith Creek Basin.
Some mass movements in the basin have probably always been a natural 
feature of the basin due to the steep slopes, thin soil cover and high
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precipitation. The disruption of the slopes by the construction of roads 
has accelerated hillslope failures.
The frequency of debris torrents before the first logging is 
uncertain. The dominant component of debris in the torrents since the 
turn of the century has been organic material in the form of logging 
slash. Without the abundant slash as a debris source, an important factor 
in the formation of debris torrents would be missing. No torrents of 
dominantly inorganic material have been reported on Smith Creek.
The conclusions of this study were developed by examination of one 
basin in the Pacific Northwest. Hopefully the information presented here 
will aid a better understanding of the origin of debris torrents in areas 
similar to the study area. The development of debris torrents in the 
Smith Creek drainage has become a serious hazard to residents of the area. 
As long as the four factors necessary for the formation of torrents ^mass 
movements, a debris source, obstructions within the channel, and high 
rainfall) are still a reality within the basin, the hazard will continue 
to threaten residents of the delta.
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